Based on available experimental data, the thermal conductivity of fluid air has been critically evaluated. A new set of recommended values is presented covering a pressure range from 1 to 1000 bar and a temperature range from 70 to 1000 K. Using the concept of residual thermal conductivity the recommended values are described by a 13-parameter equation of statein terms of temperature and density which may be applied up to a density of900kg/m 3 • From comparisons of all data sources, the uncertainty of the recommended.
Introduction
Air is one of the technologically most important substances. Reliable values of its thermophysical properties are therefore very often needed.
There exists a vast literature on the thermal and caloric properties of air. Based on a collection of these data, Baehr and Schwier l established a set of equations of state. However, Baehr and Schwier did not treat the transport properties of air, which had been measured only in a very limited range prior to 1961. The first compilation of thermal conductivity data in the fluid region of air was given in the books ofVassermann. 2 • 3 Touloukian 4 restricted his compilation to the thermal conductivity at atmospheric pressure. In 1975, Vargaftik S published a data set covering a broad range of fluid states. Unfortunately this set contained inconsistencies because, in some cases, two different thermal conductivity val11e.~ were given for the same point of ~tate. These ambiguities were eliminated in a revised version which was published in 1978. 6 However, after the first appearance ofVargaftik's work in 1971 many new experiments were published, which were not considered in the revised edition.
Thermodynamic Key Values
Air is a mixture and not a pure fluid. Hence its vapor pressure curve consists of a bubble and a dew line ( Fig. 1 ). In the critical region, one has to distinguish between a point of maximum pressure Pmax and a point of maximum temperature T max' The point Pmax separates the bubble line from the . dew line, whereas the point T max is referred to as the critical point. Its coordinates were taken from the book of Baehr and Schwier l Pc = 37.663 bar, Tc = 132.52 K,
The dew and bubble points were also calculated from the correlations established by Baehr and Schwier. The equation of the dew line reads
with the coefficients Al = 2.532 93, A2 = -2.539 01, A3 = 0.006 09, A4 = 271.6. with A similar relationship holds for the bubble line: 
Thermal Conductivity
A total of 3) publications was found in the literature devoted to the thermal conductivity of air, but 15 of them had to be omitted from the analysis because they contain either less than three data points or because they report data only in small diagrams that cannot be evaluated with sufficient accuracy. Among the remaining papers which are relevant for an evaluation procedure. 2 -22 13 report original measurements while six references were previous data compilations. Naturally, these were not used for the generation of the new set of recommended values but served to estimate its tolerances by comparing it with them.
The distribution -oftheexperimentalpoints over the p;T plane is shown in Fig. 1 . It should be noted that no data exist· in the subcritical region, with the exception of gaseous air at atmospheric pressure. Most of these data lie in the pressure range from 100 to 500 bar and in the temperature range from 200 to 470 K. The only experiments beyond these limits were carried out by Tarzimanov,18 up to 1000 bar and 1200 K. . Except for Carmichael and Sage,13 who used a spherical cell apparatus, all other investigators preferred either coaxial cylinder or hot wire devices under steady-state conditions. 10 2 La .c: ::. a.
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The transient hot wire method, which is considered to be very reliable, was applied to air only by Fleeter, Kestin, and Wakeham 19 and by Scott et al.2° To evaluate the experimental data, we employed the residual concept which, despite its obvious drawbacks, is still an appropriate method to represent transport co~ffi cients over a wide range offluid states. 23 . 24 The concept con-. siders the thermal conductivity at a given temperature and density as the sum of a dilute gas contribution and a residual or excess part according to
The dilute gas contribution depends only Qn the temperature, whereas the residual part is assumed to be only a function of density. In the case of air we found this concept to be applicable upto three times the critical density. The density data were obtained trom the equations of Baehr and Schwier 1 and from Vassermann 3 in the range 714
Dilute Gas Thermal Conductivity
The thermal conductivity Ao(T) of dilute air atatmospheric pressure has been investigated quite often. To generate the recommended values we selected the data sets ofTsederberg, 16 Tarzimanov, 18 and Scott et al. 20 Among several functional expressions that were tested to represent the ex--perimental data,·a polynomial,·proposed-by-Hanley2S,~6to correlate gas transport coefficients from kinetic theory, turned out to· give the most accurate fit. In terms of reduced quantities according to AOR = Ao! A and T R = T lTc, the temperature dependence is given by
The coefficients ofEq. (5) were obtained by a fit to the sum of 
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. Residual Thermal Conductivity
The pressure dependence of the thermal conductivity of air has not been investigated as much as the thermal conductivity of the dilute gas region. As the distribution of experi-. mental data in Fig. 1 reveals, in certain pressure and temperature ranges data do not exist. However, in many cases the residual Concept offers a useful tool to obtain the missing data by extrapolation, provided the concept can be applied and no splitting of the isotherms occurs at higher densities. This can easily be checked when the residual part of all data points is plotted versus density. In cases where a large scatter isobserved,~es~cially at high densities, one may deduce that the residual part is not a function of density alone. In such cases the concept is not applicable in its simple form but requires additional temperature functions.
After careful analysis of the experimental data, the measurements ofTsederberg and Ivanova, 16 Fleeter, Kestin, and Wakeham, 19 and Scott et al. 20 were selected. Forthe representation of the residual thermal conductivity of these data, a polynomial of 4th degree turned out to be sufficient, (5) and (8) is recommended for easier computation.
In order to give an illustrative representation and· a clear view of the influence of pressure and temperature on the thermal conductivity, we plotted a perspective view of the surface (Fig. 4) .
The fact that air is a mixture requires that the shape of the surface differs from that of a pure substance only in the nature of the bubble line and the dew line properties. The ditference is not visible in Fig. 4 . As a typical teature a predominant influence of temperature on thermal conductivity is observed, showing two main characteristics. At low temperatures one notes a steep decrease of thermal conductivity with increasing temperature, as is typical for liquids. As can be seen from Fig. 4 , this effect is still noteworthy at pressures far above the critical point. where a distinction between the liquid and gaseous phase cannot be made. Thus in this region, the thermal conductivity exhibits a liquidlike behavior. At higher temperatures thermal conductivity passes through a minimum along the isobars and then increases. Its behavior is then comparable to that of a gas. The liquid-and the gaslike behaviors reflect the different mechanisms of mioroscopio energy transfer. The boundary between the liquidand the gaslike behavior is the locus of all minima of the isobars.
Estimation of Uncertahlty
To assess the uncertainty of the recommended values, all the experimental data and also the data from previous compilations were compared with the recommended values. The results of these calculations are summarized in detail in Table 2 . The mean departures and their standard deviations suggest moderate discrepancies among the results of the different authors. The data ofStolyarov, Ipatiev, and Teodorovich, 8 and Geier and Schiifer 10 seem to be systematically too low; this holds also for tables given in the Landolt-Bomstein series. 22 The earlier compilation ofTsederberg21 and also the 1000 \), and to examine a possible critical' enhancement. As can be seen from Fig. 3 , present data do not support a divergence of the thermal conductivity of air in the critical region. However, it must be expected that the overlapping enhancements of the thermal conductivities of the most important constituents of.air, nitrogen, and oxygen will result in an enhancement in the thermal conductivity of air, too. It therefore has to be assumed that values calculated from Eqs. (5) 
